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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a grating in an optical waveguide 
which is three-dimensionally formed in the inside of glass by condensing a laser beam having 
high peak output in the inside of glass. 

SOLUTION: In a method for manufacturing the optical waveguide wherein the laser beam having 
an energy quantity causing an optically induced change in refractive index is condensed in the 
inside of a glass material and the light condensing point is relatively moved along a prescribed 
path in the inside of the glass material to form a core in the inside of the glass material, a 
periodic refractive index modulation region is formed in the length direction of the core by 
periodically changing at least one of the intensity of the laser beam, a luminous flux diameter of 
the laser beam at the light condensing point and the speed of the relative movement. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



BEST AVAILABLE COPY 

http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAsKa4FBDA41 3324634P1 ... 05/01 /07 



1/1 1— V 



* NOTICES * 




. JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

- I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the optical waveguide which condense laser light with 
the amount of energy which causes an optical induction refractive-index change inside a glass 
ingredient, and the condensing point is made displaced relatively in accordance with the 
predetermined path inside a glass ingredient, and forms a core in the interior of a glass ingredient 
The manufacture approach of the optical waveguide with a grating characterized by forming a 
periodic refractive index modulation field in the die length direction of said core when said laser 
luminous intensity , the flux of light diameter of the laser light in said condensing point , and the 
rate of said relative displacement change at least one periodically . 

[Claim 2] Said periodic change is the manufacture approach of the optical waveguide with a 
grating according to claim 1 performed [ average value / of the rate of said relative 
displacement / length / v and / of said grating / reflected wave ] with the period of nO, then 
lambdaB/(2n0v) in lambdaB and the average refractive index of a core. 

[Claim 3] It is the manufacture approach of optical waveguide with a grating according to claim 1 
or 2 that said laser luminous intensity is changed periodically and said refractive-index 
modulation field is the periodic change part of the path of said core. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide with a grating produced 
when said optical waveguide continues and formed a refractive-index change field in the interior 
of a glass ingredient by laser radiation especially about the optical waveguide in which the grating 
is formed. 
[0002] 

[The conventional approach] The optical waveguide which used glass as the base is formed by 
the ion-exchange method, flame hydrolysis, etc. 

[0003] From slit-like openings, such as a metal membrane prepared in the glass substrate front 
face by the ion-exchange method, to Ag+ Contact the fused salt containing TI+, K+, or Li+ ion to 
a glass substrate surface layer, and ion, such as above-mentioned Ag+, is made to exchange for 
Na+ ion in a glass substrate. It is J. Lightwave Tech.Vol.16 for the concentration of ion, such as 
above-mentioned Ag+, to form a high refractive-index change field in a glass substrate surface 
layer, and to consider as optical waveguide. (4) It is indicated by 583 (1998). In order to make the 
refractive-index change field of this optical waveguide buried into glass and to use it as a core 
The glass substrate in which the above-mentioned refractive-index change field was formed is 
heated. Ag+ of a glass substrate surface layer, It is immersed into the fused salt which is made 
to carry out spreading diffusion of TI+, K+, or the Li+ ion toward the interior of glass, or contains 
Na+ ion again, and Ag+ near a glass front-face side, TI+, K+ or Li+ ion, and Na+ ion are re- 
exchanged. There is also a method of impressing electric field in the case of this re-ion 
exchange. Na+ ion moves the high refractive-index field on the front face of the maximum which 
Ag+, TI+, K+, or Li+ ion formed to the bottom of a front face. Consequently, a core is embedded 
in the bottom of a glass front face, and low propagation loss is secured. The core of the optical 
waveguide produced by this approach has many things with the hemicycle of 10-200 
micrometers of diameters, or an almost circular cross section. By the ion-exchange method, 
since the ion exchange is adjusting refractive-index distribution, there is a problem that the 
formed optical waveguide structure is restricted to the part near a glass front face. 
[0004] In flame hydrolysis, the object for bottom clads and the two-layer glass-particles layer 
for cores are made to deposit on the surface of a silicon substrate by flame hydrolysis of a 
silicon tetrachloride and a germanium tetrachloride, and a particle layer is reformed in a clear 
glass layer by heating at high temperature. Subsequently, it is J. Lightwave Tech.Vol.17 to form 
the core section which has a circuit pattern by the photolithography and reactant etching. (5) It 
is indicated by 771 (1999). The optical waveguide produced by this approach has thickness as 
thin as several micrometers. Moreover, the production approach of flame hydrolysis of optical 
waveguide is complicated, and it is restricted to the glass presentation to which the usable 
ingredient also considered the quartz as the principal component, and also has the problem that 
production of optical waveguide with a circular cross section is difficult, for the approach of 
reforming the particle deposited on the substrate front face in a glass layer. 
[0005] In an ion-exchange method and flame hydrolysis, although the optical waveguide which 
has various two-dimensional patterns on the same substrate can be formed, it is still more 
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difficult to form the optical waveguide together put in three dimensions. 
[0006] As an approach of making optica! waveguide with a circular cross section forming in three 
* dimensions into glass, there is the approach of forming optical waveguide by irradiating laser with 
a high peaking capacity value inside glass, for example as indicated by JP,9-31 1237,A and "light 
induction refractive-index change inside glass by ultrashort pulse laser" laser research 26(2) 
150-154 (1998). By this approach, by condensing laser light with two or more 105 W/cm peak 
power reinforcement inside glass, and moving that condensing point relatively, the structural 
change which brings about refractive-index change is made to cause inside a glass ingredient, 
and optical waveguide is formed. By this approach, three-dimensions-optical waveguide is also 
easily producible by moving the condensing point of laser in three dimensions. 
[0007] Making a grating form in an optical fiber and optical waveguide as a 
multiplexing/demultiplexing filter for wavelength multiplex transmission in recent years is 
performed. As the application, it is used, for example in the optical fiber as a component part of 
Optical Add/Drop Multiplexer which is expected when it comes to the key device in wave-length 
multiple telecommunication (J. Lightwave Tech.Vol.16 (2) 265 (1999)). Since the direct filter is 
formed on an optical fiber and optical waveguide, this grating has good affinity with a beam-of- 
light way, and since a huge number of grating layers are prepared in a longitudinal direction, it 
has the description which was [ be / the design degree of freedom of spectral characteristics / 
large ] excellent. From this, that a grating cannot be formed as optical waveguide means that the 
application of the optical waveguide is limited very much. 

[0008] In order to make a grating form in the optical waveguide made by flame hydrolysis or the 
other approaches By the 2 flux-of-light interference exposing method in the core section as 
indicated by JP,1 0-339821, A for example, by or the phase grating mask method A refractive 
index makes the grating which changes periodically form in the core section by irradiating 
ultraviolet rays by cutting association of the dopant (Ge02, P205, Ti02 grade) doped by the 
core section, and producing a joint defect. 
[0009] 

[Problem(s) to be Solved by the Invention] However, by irradiating laser with a high peaking 
capacity value inside glass, in the core section and the clad section, the optical waveguide of the 
presentation of glass produced by the approach of forming optical waveguide is the same, makes 
only a core part produce a joint defect alternatively, and cannot make a periodic refractive-index 
change. 

[0010] This invention aims at offering the approach of making a grating forming in the optical 
waveguide formed in the interior of glass in three dimension, when peaking capacity condenses a 
high laser light inside glass. 
[0011] 

[Means for Solving the Problem] Using the path of the optical waveguide which will be formed if 
laser luminous intensity is changed changing, when this invention person changed laser luminous 
intensity periodically, he found out that a grating could be formed in optical waveguide. 
[0012] This invention condenses laser light with the amount of energy which causes an optical 
induction refractive-index change inside a glass ingredient. In the manufacture approach of the 
optical waveguide which the condensing point is made displaced relatively in accordance with the 
predetermined path inside a glass ingredient, and forms a core in the interior of a glass ingredient 
When said laser luminous intensity, the flux of light diameter of the laser light in said condensing 
point, and the rate of said relative displacement change at least one periodically It is the 
manufacture approach of the optical waveguide with a grating characterized by forming a 
periodic refractive-index modulation field in the die-length direction of said core. 
[0013] laser light with the amount of energy from which the optical waveguide with a grating of 
this invention starts an optical induction refractive-index change — the interior of glass (a 
configuration — plate-like — ) The structural change which a globular shape, massive, etc. 
condense someday and brings about refractive-index change is made to cause inside a glass 
ingredient. It can manufacture easily by changing periodically the laser luminous intensity used 
for producing optical waveguide by moving the condensing point relatively, and producing optical 
waveguide in the location of the arbitration, and forming a grating. 
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[0014] As a laser light, althou 




changes also with classes of glass, in 




r to cause an 



optical induction refractive-index change, it is desirable to have two or more 105 W/cm peak 
• power reinforcement in a condensing point. Peak power reinforcement is the value which 
expressed with per exposure unit area the peaking capacity (W) expressed with the ratio of 
"output energy [ Per pulse ] (J)"/"pulse width (second)". [ 1 ] Unless peak power reinforcement 
fulfills 105 W/cm2, an optical induction refractive-index change does not take place, and optical 
waveguide is not formed. An optical induction refractive-index change is promoted, so that peak 
power reinforcement is high, and optical waveguide is formed easily. However, it is difficult to 
obtain the very big amount of energy, for example, two or more 105 W/cm continuous-wave- 
laser light, practical. Then, use of the pulse laser which made peaking capacity high is desirable 
by narrowing pulse width. 

[0015] Laser light is condensed by beam condensing units, such as a lens. At this time, a 
condensing point is adjusted so that it may be located in the interior of a glass ingredient. By 
making this condensing point displaced relatively inside a glass ingredient, the long and slender 
refractive-index change field (core region of a high refractive index) committed as optical 
waveguide is formed in the interior of a glass ingredient. A condensing point is made displaced 
relatively by moving a glass ingredient continuously to the condensing point of laser light, or 
specifically moving the condensing point of laser light continuously inside a glass ingredient. 
[0016] A grating is produced by changing laser luminous intensity periodically. If laser luminous 
intensity is changed, the high refractive-index core diameter of the optical waveguide formed will 
change so that it may increase or decrease according to the size of the reinforcement. 
Therefore, carrying out relative displacement, by changing laser luminous intensity periodically in 
the location of the predetermined range, change of the refractive-index modulation field of 
optical waveguide, i.e., a diameter, periodically formed in the die-length direction of said core is 
formed, and a grating can be formed [ above-mentioned ] in optical waveguide by controlling it. 
[0017] An optical waveguide grating is explained as follows. The Z-axis is taken in the die-length 
direction of optical waveguide, the grating section is made into 0 <=z<=L, and refractive-index 
[ of a core ] n (z) is the following type (1) and [Equation 1] in this part. n(z) =n0+deltan-cos (2pi 
z/lambda) (1) 

Suppose that it is expressed. nO is [ refractive-index variation and lambda of the average 

refractive index of the core of the grating section and deltan ] grating periods here. Such a 

grating is the following type (2) and [Equation 2]. lambdaB=2n0lambda (2) 

It becomes the filter which comes out and reflects alternatively the light of Bragg (Bragg) 

wavelength lambdaB (wavelength in a vacuum) expressed, and its near. 

[0018] The period T, [Equation 3] which are expressed with the following type (3) in laser 

luminous intensity in order to make it the period of a grating set to lambda [=lambdaB/(2nO)l 

when the rate which produces optical waveguide, i.e., the passing speed of the point inside glass 

condensing [ laser ], is set to v T=lambda/v=lambdaB/(2n0v) (3) 

It is necessary to make it come out and change. 

[0019] As stated above, in order to enlarge peak power of laser light, use of a pulse laser is 
desirable. Although it becomes easy to enlarge peak power so that the repeat frequency of the 
pulse of laser is low, if not much late, only a number pulse will not be irradiated by Bragg 
diffraction grid 1 period, change of the diameter of optical waveguide becomes less smooth in 
this case, and a Bragg diffraction grid is not filled. If it thinks that at least 100 pulses must be 
irradiated by per Bragg diffraction grid 1 period, pulse-repetition-frequency H of laser must be 
beyond the numeric value expressed with a formula (4). As this repeat frequency H, it is usually 
10kHz or more. 

[Equation 4] H=100.v/lambda (4) 

[0020] Although the output of laser itself may be changed, since the oscillation of laser becomes 
unstable in that case, as for a periodic change of laser light reinforcement, it is desirable to carry 
out in the exterior of laser oscillation equipment. Changing laser light periodically externally can 
be attained by installing the equipment for changing reinforcement periodically in the middle of 
the path of laser light. What changes periodically the ND filter from which concentration differs 
as equipment for making it change periodically, the thing to which the path of a diaphragm is 
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periodically changed and a bea^aiameter is changed can be considered.ifroreover, there are the 
following as other methods of changing reinforcement periodically in the exterior of laser 
• oscillation equipment. First, optical system is constructed so that laser light may be joined or 
more by dividing into two in the middle of a path. The switch for intercepting the light of each 
path in the part divided or more into two is installed, respectively. A grating is produced by 
changing laser light reinforcement periodically by adjusting with a switch the combination of the 
laser light made to join. 

[0021] The above is applicable also to the formation approach of the grating by the long period 
diffraction grating which used association to the clad mode of the travelling direction of light in 
addition to it, although the formation approach of the grating in a Bragg diffraction grid was 
described. 

[0022] Although the case where formed a periodic refractive-index modulation field in the die- 
length direction of said core, and optical waveguide with a grating was manufactured by changing 
laser luminous intensity periodically was explained, even if it replaces with periodic change of 
laser luminous intensity and changes periodically the laser flux of light diameter in a condensing 
point, the above can form a periodic refractive-index modulation field in the die-length direction 
of a core, and can manufacture optical waveguide with a grating. The laser flux of light diameter 
in a condensing point can be performed by changing periodically the beam width of the laser light 
which carries out incidence to a condenser lens. Moreover, a periodic refractive-index 
modulation field can be formed in the die-length direction of said core also by changing 
periodically the rate which makes a condensing point similarly displaced relatively inside a glass 
ingredient. 
[0023] 

[Embodiment of the Invention] Although an example is raised to below and this invention is more 
concretely explained to it, this invention is not limited to the following examples, unless the main 
point is exceeded. 

It had the glass presentation shown in the [example 1] table 1, and the pulse laser light 2 was 
condensed with the lens 3, and the sample 1 of 20mm long, 20mm wide, and a rectangular 
parallelepiped configuration with a thickness of 5mm was irradiated, as shown in drawing 1 . 
Laser light with 150 femtoseconds of pulse width oscillated as a pulse laser light 2 from 
20Ti:aluminum3 laser excited by the argon laser, the repeat frequency of 200kHz, a wavelength 
[ of 800nm ], and an average output of 600mW was used. NA condensed [ the scale factor ] the 
laser light which was made to penetrate the first ND filter and was adjusted to the reinforcement 
of 450mW by 0.3 with the objective lens which is 10 times, it irradiated so that a condensing 
point might be produced inside a sample 1, and optical waveguide was produced, turning a sample 
1 to an another side edge from the end, and making it move in the direction of an arrow head 5 
at the rate of 50 micrometer/s. 
[0024] 
[Table 1] 

A mol % examples 1 Example 2 Si02 70.6 37.5 B-2s 

03 0 12.5aluminum 203 14.0 25.0P2O3 0.7 0Na2O 1.6 25.0Li(s)2O 9.3 OMgO 1.0 0TiO2 1.6 0ZrO2 

1 -2 0 [0025] the die length of the core of the optical waveguide produced by 

the above-mentioned approach — the grating was mostly produced over 7mm of a center 
section. Periodic change of laser luminous intensity was performed by adjusting the second ND 
filter which was made to adjoin said first ND filter and was prepared. It set up so that the 
permeability of light might change gently-sloping using the thing of rotating type discoid and the 
highest permeability might become an increase of 10% of the minimum permeability as this ND 
filter, and so that that change might be repeated by one rotation 5 times. By the condensing 
point of laser light moving relatively, and rotating this disc-like ND filter by 24 revolutions per 
second, while [ optical waveguide ] being in 7mm of a center mostly, laser luminous intensity was 
changed (periodic T= 0.00833 seconds of change), and it adjusted in locations other than said 
7mm so that rotation of a disc-like ND filter might be stopped and laser light might pass the 
minimum permeability part. 

[0026] The following approaches estimated this optical waveguide with a grating. It leads to the 
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end face of the optical wavegaHe which produced the light of LED whicnrras main oscillation 
wavelength in 1.3 micrometers by the single mode optical fiber for 1.3 micrometer, and alignment 
is carried out so that the outgoing radiation light reinforcement from the optical waveguide other 
end may become max. This outgoing radiation light was led to the optical spectrum analyzer by 
the single mode optical fiber for 1 .3 micrometer, and the transparency spectrum was measured. 
The transparency spectrum of the optical waveguide in which a grating was not made to form 
was measured by the same approach, and seeing the difference estimated the effectiveness of a 
grating. The transparency spectrum measured about the optical waveguide which formed the 
grating in d raw ing 2 is shown. As shown in this drawing, it turns out that about 23dB of 
permeability is low in the wavelength of 1298nm, and with a half-value width [ centering on 
1298nm / of about 1.5nm ] alternative reflection has taken place after this. In addition, a rapid 
reduction of the permeability centering on 1298nm as shows the transparency spectrum of the 
optical waveguide in which a grating was not made to form to drawing 2 was not observed at all. 
[0027] It had the glass presentation shown in the [example 2] table 1, and the pulse laser light 2 
was condensed with the lens 3, and the sample of a 20mmx20mmx5mm rectangular 
parallelepiped configuration was irradiated, as shown in drawin g 1 . Laser light with 150 
femtoseconds of pulse width oscillated from 20Ti:aluminum3 laser of argon laser excitation as a 
pulse laser light 2, the repeat frequency of 200kHz, a wavelength [ of 800nm ], and an average 
output of 600mW was used. After making an ND filter penetrate and adjusting so that laser 
reinforcement may be set to 470mW, the beam was divided into two paths so that it might 
become an intensity ratio 1:9 on the way, and as reinforcement was a weak path, the switch 
which can intercept laser light was installed. Optical system was constructed and the laser light 
which joined was condensed with the 10 time objective lens of NA0.3 so that two divided beams 
might join, it irradiated so that a condensing point might be produced inside a sample 1, and 
optical waveguide was produced, moving a sample 1 at the rate of 50 micrometer/s. 
[0028] the optical waveguide produced by the above-mentioned approach — the grating was 
mostly produced 7mm in the center section. Periodic change of laser luminous intensity was 
performed by controlling the switch into which it was put on the way. When carrying out a laser 
beam exposure for the optical waveguide core formation of those other than 7mm of center 
sections, turn off a switch and laser light is intercepted. A switch is turned on with 116 
periods/second by the grating part of 7mm of center sections. Pulse laser light with weaker 
reinforcement penetrates the time amount of the abbreviation one half for 1/116 second, and 
the time amount of the abbreviation one half for the following 1/116 second adjusted laser 
reinforcement, and made the grating form so that it may be intercepted. 

[0029] The following approaches estimated this optical waveguide with a grating. It leads to the 
end face of the optical waveguide which produced the light of LED which has main oscillation 
wavelength in 1.3 micrometers by the single mode optical fiber for 1.3 micrometer, and alignment 
is carried out so that the outgoing radiation light reinforcement from the optical waveguide other 
end may become max. This outgoing radiation light was led to the optical spectrum analyzer by 
the single mode optical fiber for 1.3 micrometer, and the transparency spectrum was measured. 
The transparency spectrum of the optical waveguide in which a grating was not made to form 
was measured by the same approach, and seeing the difference estimated the effectiveness of a 
grating. The transparency spectrum measured about the optical waveguide which formed the 
grating in drawing 3 is shown. As shown in this drawing, it turns out that about 20dB of 
permeability is low in the wavelength of 1302nm, and with a half-value width [ centering on 
1302nm / of about 1.1 nm ] alternative reflection has taken place after this. In addition, a rapid 
reduction of the permeability centering on 1302nm as shows the transparency spectrum of the 
optical waveguide in which a grating was not made to form to drawing 3 was not observed at all. 
[0030] 

[Effect of the Invention] As explained above, in case according to this invention it makes laser 
light with the amount of energy which causes an optical induction refractive-index change 
condense in glass and the condensing point is moved relatively, the core and grating of optical 
waveguide can be produced to coincidence by changing laser luminous intensity and others 
periodically. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] They are the global placement Fig. (a) showing how to produce the optical waveguide 
with a grating of this invention, and the perspective view (b) showing the optical waveguide with 
a grating produced inside glass. 

[Dr awin g 2] The transparency spectrum of the optical waveguide with a grating produced 
according to the example 1 . 

[Drawing 3] The transparency spectrum of the optical waveguide with a grating produced 
according to the example 2. 
[Description of Notations] 

1 Glass Sample 

2 Pulse Laser Light 

3 Condenser Lens 

4 Condensing Point 

5 The Migration Direction of Glass Sample 

6 Optical Waveguide 
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DRAWINGS 



[Drawing 1] 
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(b) 
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[Drawing 31 
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Long Period Fiber Grating by fbcused-irradiation of femtosecond laser pulses 
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Optical Characteristics of Cascaded Long-period Fiber Gratings 
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